S
trawberry production in southeastern Queensland, Australia, is based mainly on short-day cultivars supplied each year as bare-rooted transplants from nurseries at Stanthorpe in southern Queensland or from Toolangi in Victoria (Menzel and Toldi, 2010; Morrison and Herrington, 2002) . The main cultivars grown in this area include Festival from Florida (Chandler et al., 2000) , Camarosa from California (Hancock, 2008) , and Rubygem from Australia (Herrington et al., 2007) . The nursery material is planted from late March to early May, although the optimum times of planting for the different cultivars in this warm subtropical environment have not been established. The main harvest lasts from early June to late October. These times are equivalent to from late September to early November and from early December to late April in Florida in the northern hemisphere.
Mean temperatures during plant growth from January to April in the strawberry nurseries in southern Australia are up to 5°C lower compared with the conditions in southern Queensland. There are also differences in photoperiod in these different growing areas, which are likely to affect flowering and fruit production (Durner and Poling, 1988; Durner et al., 1984; Stewart and Folta, 2010) . It is not known whether the differences in environmental conditions in the different nursery-growing areas in Australia translate into differences in fruit production when the plants are grown at Nambour. There is also a large variation in the size of the planting material supplied by the nurseries, but whether large stock is more productive than small stock has not been determined.
The effect of time of planting on the productivity of strawberry has been studied in Florida. This area has a subtropical climate similar to southeastern Queensland, with berries produced from December to April (Peres et al., 2006) . The early studies in Florida focused on plants obtained from local nurseries at lower elevation, whereas the later work included the response of plants from northern nurseries located at higher latitudes or at higher elevations. The material was planted from September to November, with material planted in October generally providing the best yields or returns (Albregts and Chandler, 1994; Howard, 1974, 1977; Chandler et al., 1991; Duval et al., 2005; Locascio, 1972 ).
An analysis of the effect of nurserygrowing environment on the performance of strawberry in Florida shows that plants from northern or midlatitude nurseries (Canada, Massachusetts, Oregon, California, or North Carolina) out-yielded those from southern nurseries (Alabama or Florida) in about half the cases (Albregts and Chandler, 1994; Albregts and Howard, 1974; Chandler et al., 1989; Stapleton et al., 2001) . The temperatures in these northern areas are up to 10°C lower than those in Florida during the 6 to 8 weeks before the plants are dug (Chandler et al., 1989) . There are also differences in photoperiod among the different nurserygrowing areas in the United States and Canada, which are likely to affect production (Durner and Poling, 1988; Durner et al., 1984) . Bish et al. (1997) small differences in the cropping pattern among the three groups of plants, with slightly heavier production in the small or large plants in individual months between November and February, but no differences in total production. We report on the effect of time of planting, plant size, and nursery-growing environment on the performance of 'Festival' strawberry in southeastern Queensland over 3 years. First, barerooted plants were obtained from Stanthorpe in southern Queensland and planted at Nambour from early March to early May. We were interested in determining how the time of planting affected the relationship between yield and plant growth in this environment. We proposed that low yields with an early planting might be related to the small size of the plants and that low yields with late plantings might be related to the short growing seasons. None of the reports from Florida have investigated these relationships. There have also been no reports on the optimum time of planting for 'Festival' in Florida, though it is a popular cultivar in this area. In the second set of experiments, plants were obtained from nurseries at Stanthorpe in southern Queensland and at Toolangi in Victoria and at Kempton in Tasmania. Stanthorpe is a warm-growing environment, and the other two southern sites are cool-growing environments. The stock from each nursery was classified as small plants with crowns smaller than 10 mm in diameter and large plants with crowns larger than 10 mm in diameter. Vock (1997) and Menzel and Toldi (2010) . The new stolons produced by the plants after planting from May to July were removed manually every week.
Materials and methods

TIME
The diameter of the crown, the number of leaves/plant, and plant dry weight were recorded from a sample of plants (n = 40 plants per treatment) at planting. Day 1 was the date of the first planting. We also collected data on the number of leaves/plant, leaf area/ plant, and plant dry weight (leaves, crowns, roots, flowers, immature fruit, and mature fruit) about every 3 weeks in the field up until 9 Oct. (Day 219). Mature fruit were classified as those that were at least three-quarters colored. The weights of the new stolons were not included in the weights of the plants. Fruit were harvested every week for an assessment of yield (fresh weight) and fruit fresh weight up until 9 Oct. Average seasonal fruit fresh weight is the long-term average value of fruit fresh weight in a treatment pooled across all harvests.
There were two sections in each block, one for recording plant growth every 3 weeks and an adjacent one for recording yield every week. For the growth data, the experiment was laid out in a split-plot design, with the different times of planting forming the main plots and the different harvest dates forming the split plots. There were four blocks and two plants harvested each time from each block (n = eight plants per treatment). Previous research has shown that a sample of two plants per block was sufficient to obtain significant differences among treatments in this environment, especially with sampling every 3 weeks over the growing season (Menzel and Toldi, 2010) . For instance, in the present experiments, the plots were sampled up to nine or ten times over the season for an estimate of plant growth. Butler et al. (2002) used a similar approach to study the effect of different sources and plant types on the growth of strawberry plants in North Carolina. Data on plant growth were collected from four plants per treatment (single plants from each of four replications) with six or seven harvests each year.
For the yield and fruit fresh weight data, the experiment was laid out in a randomized block design, with the fruit harvested each week from the same 20 plants in each plot (n = 80 plants per treatment). Growth data for the harvests from Day 72 were analyzed by split-plot analysis of variance (ANOVA; five planting dates · seven harvests) using GenStat (version 11; VSN International, Hemel Hempstead, UK). This analysis included data only up to 18 Sept. (Day 198) , after which average total plant dry weight declined. Data on yield and average seasonal fruit fresh weight were analyzed by one-way ANOVA.
The experimental set-up and analyses in year 2 were similar to those described earlier, with the material planted on 5 Mar. (Day 1 There were two sections in each block, one for recording plant growth every 3 weeks and an adjacent one for recording yield every week. For the growth data, the experiment was laid out in a split-split plot design, with sources in the main plots, plant types in the subplots, and harvest dates in the split-split plots. There were four blocks and two plants harvested each time from each block (n = eight plants per treatment). For the yield data, the experiment was laid out in a split-plot design, with sources in the main plots, plant types in the split plot, with the fruit harvested each week from the same 20 plants in each plot (n = 80 plants per treatment). The growth data were analyzed by split-split plot ANOVA (two sources · two plant types · eight harvests). Data on yield and average seasonal fruit fresh weight were analyzed by split-plot ANOVA (two sources · two plant types).
The set-up and analyses in year 2 were as described earlier, apart from the inclusion of plants from Toolangi in Victoria (lat. 37.6°S, long. 145.5°E, elevation 620 m). The average daily mean temperature in this area between January and April during plant development is 15.6°C (a cool-growing environment). The small and large stocks from each of the three nurseries were planted on 9 The relationship between yield and plant growth in the different treatments pooled across the 3 years was assessed by regression analysis by using the graphics software SigmaPlot (version 11). These data were pooled with the data from the time of planting experiment.
Results
The responses over the 3 years were generally similar in the two sets of experiments. Hence, the data from the 3 years were pooled for each set of experiments. These general means (except for yield and returns) are presented with a maximum SE. Maximum SE is obtained from the SEs calculated with the means for each individual treatment.
In the ANOVA to examine the effect of planting date on growth, yield, and returns, planting time had a significant effect on most of the parameters measured each year, with most ANOVAs giving P = 0.001, a few with P = 0.05 to 0.002, and a few with P > 0.05 or not significant (root dry weight and proportion of dry weight in the crowns in 2008 and specific leaf area and single leaf area in 2009).
In the ANOVA to examine the effect of nursery-growing area on growth, yield, and returns, nurserygrowing area had a mixed effect on performance each year, with the two nurseries in southern Australia not clearly better than the nursery in Queensland. In the ANOVA to examine the effect of plant type on growth, yield, and returns, plant type had a significant effect on most of the parameters measured each year, with most ANOVAs giving P = 0.001, a few with P = 0.014 to 0.002, and a few with P > 0.05 or not significant (average fruit fresh weight and the proportion of dry weight in the leaves in 2007; single leaf area and the proportion of dry weight in the leaves in 2008; and average fruit fresh weight, single leaf area, and the proportion of dry weight in the leaves in 2009). TIME OF PLANTING. There was a gradual increase in the diameter of the crowns as digging on the nursery farm was delayed, but no clear trend was observed in leaf production (Table 1) . Plant dry weight also increased as digging was delayed, mainly because of higher crown and root weights.
Yield was greatest in the plants planted in mid-March [1013 ± 86 g/ plant (±SE)], followed by those planted in late March/early April (765 ± 38 g/ plant) or in early March (711 ± 183 g/ plant) and then those planted in midApril (671 ± 37 g/plant) or in late April/early May (542 ± 16 g/plant). Average seasonal fruit fresh weight was greatest in the plants planted in midMarch (17.0 g), with smaller fruit in the plants planted at the other times (15.5 to 15.7 g) (maximum SE = 1.6). The profitability of the different treatments reflected yield. Return was greatest in the stock planted in midMarch (A$6.24 ± A$0.51/plant), followed by those planted in late March/ early April (A$4.56 ± A$0.18/plant) or in early March (A$4.25 ± A$1.17/ plant) and then those planted in mid-April (A$3.94 ± A$0.24/plant) or in late April/early May (A$3.15 ± A$0.08/plant).
Average leaf production and leaf area/plant were higher in the plots planted by early April compared with those planted after mid-April (Table  2) . Less total leaf area/plant was due to slightly smaller leaves in the plants planted after mid-April, whereas there was no clear trend in the thickness of the leaves across the different treatments (Table 2) .
Total plant dry weight was higher in the plants planted by early April compared with values in the plants planted after mid-April (Table 3) . These responses were associated with higher leaf, crown, and root weights in the first three plantings. By contrast, the highest flower and fruit dry weights occurred in the plants planted in midMarch, with lower values in the other treatments.
The stock planted in mid-March or in late March/early April had greater proportions of plant dry weight allocated to the flowers and the fruit than the stock planted at the other times (Table 3) . These responses were associated with an increased allocation to the leaves in the earlier planting and an increased allocation to the roots in the later plantings. Across the five different planting times, 27% of plant dry matter was distributed to the flowers and fruit (average over the season), 45% to the leaves, 16% to the crowns, and 12% to the roots.
The changes in growth over the 3 years were similar. Hence, only the changes in the third year are presented. Within that experiment, only the changes for the plantings on 2 Mar., 16 Mar., and 28 Apr. are shown to indicate the range in the responses (Figs. 1-3) .
The changes in leaf production over time were linear in the plots planted on 2 Mar. and 28 Apr. and sigmoidal in the plots planted on 16 Mar. (Fig. 1) . By contrast, the changes in leaf area development were all sigmoidal. This indicates that the stock planted in early March or in late April was still initiating new leaves at the end of the experiment, whereas maximum leaf area development occurred earlier in all three planting times. The stock • February 2011 21 (1) planted on 2 and 16 Mar. produced more leaves by the end of the season than the stock planted on 28 Apr. Final leaf area expansion was greatest in the stock planted on 16 Mar. The changes in plant dry weight over time were all sigmoidal, except for the change in leaf dry weight in the stock planted on 28 Apr., which was linear (Figs. 2 and 3 ). Maximum leaf weight was similar in the three plantings, maximum crown weight was greater in the first and second plantings, and maximum root weight was greatest in the second planting. Maximum total plant weight and reproductive weight were greatest in the second planting.
The proportion of plant dry matter distributed to the leaves and roots decreased as plant dry weight increased (Fig. 4) . At the end of the experiment across all planting times, 39% of plant dry weight was allocated to the flowers and fruit, 38% to the leaves, 15% to the crowns, and 8% to the roots.
There was a strong relationship between the plant vegetative dry weight (leaves, crowns, and roots) and the length of the growing season in the different treatments (Fig. 5) . Typically, plant growth increased by %50% as the production season increased from 144 to 200 d. There was a strong relationship between yield and the average vegetative plant dry weight during the season for the last four planting times (Fig. 6) . The plots planted in early March had slightly higher rates of vegetative plant growth than the plots planted in mid-March, but had lower yields. This treatment was excluded from the analysis. The data from this experiment were combined with the data from the source experiment to show the general relationship between yield and vegetative plant growth.
PLANT SIZE AND NURSERY-GROWING ENVIRONMENT. The data have been pooled as there were only small differences in the size and weights of plants from the different nurseries. The data have also been pooled as the differences between the small and the large plants were similar across the three nurseries.
The large plants had wider crowns than the small plants at planting, slightly more leaves, and higher dry weights (Table 4) . The large plants were about three times the weight of the small plants. By contrast, there were only small differences in growth among the stock from the different nurseries.
The large stock yielded 17% more than the small stock (751 ± 27 vs. 642 ± 52 g/plant). In contrast, the plants from Stanthorpe (695 ± 18 g/plant), Toolangi (710 ± 47 g/plant), and Kempton (701 ± 71 g/plant) had similar productivity. There were only small differences in average seasonal fruit fresh weight across the different treatments. Average values were 17.5 g in the small plants and 17.0 g in the large plants (maximum SE = 1.0). Similarly, average values were 16.7 g in the plants from Stanthorpe, 17.1 g in the plants from Toolangi, and 17.6 g in the plants from Kempton (maximum SE = 1.8). The profitability of the different stock reflected their yield. The large plants returned A$4.51 ± A$0.18/plant, but the small plants returned A$3.71 ± A$0.31/ plant. By contrast, the net profits of the material from the three nurseries were similar (A$4.06 ± A$0.10, A$4.24 ± A$0.12, and A$4.17 ± A$0.50). The large plants had more leaves and leaf area/plant during the growing season than the small plants (Table 5 ). In contrast, there were only small differences in the plants from the three nurseries. Differences in the size and thickness of the leaves were small. The responses of the treatments were consistent over time, and so only the mean values across the season are shown. This also occurred with the other aspects of growth measured over time.
All components of dry matter production were greater in the large stock than in the small stock, with average total plant dry weight being 50% higher (Table 6) . Plant growth was similar in the stock from the different growing areas. There were at best only small differences in dry matter distribution in the different treatments (Table 6 ). Across the 3 years, an average of 29% of plant dry matter was directed to the flowers and fruit compared with 42% to the leaves, 16% to the crowns, and 13% to the roots. As in the previous set of experiments, the proportion of plant dry matter distributed to the leaves and roots decreased as plant dry weight increased (data not presented). At the end of the experiment across all the treatments, about 30% of plant dry weight was allocated to the flowers and fruit, 40% to the leaves, 20% to the crowns, and 10% to the roots.
There was a relationship between yield and vegetative plant dry weight (leaves, crowns, and roots) in the different treatments (small plants, large plants, and plants from Stanthorpe, Toolangi, or Kempton) (Fig. 6) . Productivity increased as plant dry weight increased, indicating the dependence of fruit production on vegetative growth in this environment. The data from this experiment were combined with the data from the time of planting experiment to show the general relationship between yield and vegetative plant growth.
Discussion
Time of planting and plant size had strong effects on the growth and productivity of 'Festival' grown in a subtropical environment. In contrast, the effect of nursery-growing environment was small. Overall yields and returns were best when the material was planted in mid-March. Lower yields with an early planting were associated with the small size of the stock, whereas lower yields with later plantings were associated with the shorter growing seasons. In the plant size experiments, the large stock out-yielded the small stock.
THE EFFECT OF TIME OF PLANT-ING ON PRODUCTIVITY. The best yields occurred when the plants were planted in mid-March, with 24% to 33% lower yields when the plants were planted in early March, late March/early April, or mid-April. Yields were much lower when the plants were planted in late April/early May, with a 47% reduction compared with the yield achieved with the optimum planting time.
Several studies have examined the effect of planting date on the productivity of strawberry fields in Florida, with the bare-rooted plants obtained from local nurseries (Albregts and Chandler, 1994; Albregts and Howard, 1974 , 1977 , 1980 Chandler et al., 1991; Locascio, 1972 Duval et al., 2005 ). An analysis of these reports indicates that planting date affected yield in nearly all cases. Cropping was generally best when the stock was planted in early to mid-October, which is equivalent to the stock planted in early to mid-April in southeastern Queensland.
There was a gradual increase in the size of the crowns and roots as digging was delayed. Average plant dry weight was 2.5 ± 0.3 g/plant in the first planting and 3.2 ± 0.2 g/ plant in the second planting, with higher productivity in the latter. By contrast, there was no increase in productivity in the later plantings as plant dry weight increased up to a maximum of 3.7 ± 0.3 g/plant. These results suggest that the first set of stock was too small for optimum production, whereas the growing season was too short for the later sets of stock to produce reasonable crops. None of the reports in Florida indicate if lower yields with early plantings were due to the plants being small. Lower yields with later plantings were presumably due to the short growing seasons.
THE EFFECT OF PLANT SIZE ON PRODUCTIVITY. Over the 3 years, the large plants had higher yields than the small plants in the second set of experiments. The difference in productivity between the two groups of stock was 17%. This difference in productivity was related to differences in dry matter production in the nursery material and differences in plant growth during the season. The large plants were about three times the weight of the small plants at planting and were about 1.5 times the weight of the small plants during the growing season.
The two categories of plants were based on the size of the crowns, with the small plants having crown diameters from 6 to 10 mm and the large plants having crown diameters from 10 to 17 mm. Surveys of 'Festival' plants from the three nurseries showed that about 10% of transplants had crowns smaller than 8 mm and 40% had crowns smaller than 10 mm (C.M. Menzel, unpublished data). It is apparent that small differences in diameter of the crown can translate into large differences in productivity.
Two studies in Florida have assessed the importance of the initial size of the nursery material on subsequent growth and yield, using both bare-rooted and containerized plants (Bish et al., 1997 (Bish et al., , 2002 . The large stock had higher yields than the small stock in only two out of eight cases. Johnson et al. (2005) conducted similar work in Louisiana using 'Chandler' and 'Camarosa', with the bare-rooted plants with leaves having average crown diameters ranging from 6 to 22 mm over the 3 years. The authors showed that there were weak relationships between yield and initial size of the crowns in the two cultivars (R 2 of 0.32 and 0.44).
The effect of plant size on the productivity of strawberry in Florida appears to vary with the season and growing environment. Large plants do not always produce heavier crops than small plants. It is possible that large plants out-perform small plants only when they have balanced leaf, crown, and root development. Barerooted plants from Stanthorpe, Toolangi, and Kempton had 56% of their non-structural carbohydrates stored in the leaves, 18% in the crowns, and 26% in the roots (C.M. Menzel, unpublished data). These data indicate the importance of reserves stored in the leaves for the growth of the new plants in southeastern Queensland. The plants also need a sound root system to reduce the impact of water deficits on plant growth in the first 2 weeks after planting under the over-head irrigation (Menzel and Toldi, 2010) .
The bulk of the nursery stock used in Florida comes from the northern United States or Canada (Duval et al., 2005) . It is presumed that the cooler conditions in the northern nurseries provide better conditions for the new plants and higher productivity when they are planted (although this is not always the case). There are differences in day length among the different growing areas, which are likely to affect flowering and production in short-day strawberry cultivars (Stewart and Folta, 2010 Average daily temperatures during plant development from January to April are about 3 to 5°C lower at Toolangi and Kempton compared with conditions at Stanthorpe. These differences in temperatures are due to differences in daily minimums (10.7, 6.5, and 13.3°C) and maximums (20.4, 20.9, and 24.2°C) . Several authors have assessed the impact of low temperatures before planting on fruiting in Florida (Albregts and Chandler, 1994; Howard 1974, 1977; Bish et al., 1997 Bish et al., , 2002 Durner and Poling, 2000; Durner et al., 1986; Locascio, 1972) . The plants were cooled for 2 to 4 weeks (usually 2 weeks) at various temperatures, including 0.6, 2, 4.4, 10, 12, or 15°C. Temperatures close to freezing were provided by storing the freshly dug plants in cold rooms. Temperatures above freezing were provided by potting up the plants after digging and growing them in phytotrons or glasshouses. When the plants were stored at low temperatures after digging, chilling had a mixed effect or no effect on yield. By contrast, when the plants were potted up and grown at low temperatures, chilling generally resulted in higher yields compared with the performance of plants grown at higher temperatures.
There have been at least two studies that have examined the impact of environmental conditions on the distribution of growth in the new transplants. Kirschbaum et al. (1998) indicated that bare-rooted plants from QC, Canada, had higher leaf dry weights than bare-rooted plants from x Maximum SE is from the SEs calculated with the means presented in a column.
• February 2011 21(1) There was a strong relationship between the dry matter production and the length of the growing season associated with the different times of planting (Fig. 5) . The stock planted in early March produced 50% more dry matter in the vegetative plant parts than the stock planted in late April or early May. In this analysis, the crowns (a 92% increase) were more sensitive than the leaves (a 61% increase) or the roots (a 23% increase). The time of planting has also been shown to affect plant growth in Florida, although many of the studies only report growth in relative terms (Albregts and Howard, 1974 , 1977 , 1980 Locascio, 1972) . Generally, stock planted in early or mid-October produced larger plants than stock planted later.
There was a strong relationship between yield and average vegetative plant dry weight (leaves, crowns, and roots) during the season in the two sets of experiments (Fig. 6 ). This analysis showed that the plants produced an extra 37 g of fruit for each gram of plant dry weight above the minimum weight of 10.3 g. The plants planted in early March in the first set of experiments were excluded from this analysis as they had a slightly higher rate of vegetative growth than the plants planted in mid-March, but lower productivity.
THE DISTRIBUTION OF PLANT DRY MATTER. The allocation of plant dry matter changed over the season as the plants grew. The young plants without fruit allocated about 50% to 60% of their dry matter to the leaves and about 20% to 25% each to the crowns and roots. In contrast, the mature plants with fruit allocated 40% of their dry matter to the leaves and about 10% to the roots. Allocation to the crowns was not strongly affected.
The time of planting affected the distribution of plant dry matter. The stock planted before the time for best yield allocated less dry matter to the flowers and fruit than the stock planted at the optimum time. This response was associated with a greater allocation to the leaves. There was a different response when the stock was planted The plants came from Stanthorpe in Queensland (a warm-growing area) and from Toolangi in Victoria and Kempton in Tasmania (cool-growing areas). The plants came from Stanthorpe in Queensland (a warm-growing area) and from Toolangi in Victoria and Kempton in Tasmania (cool-growing areas).
z Data are the means pooled over 2 or 3 years, with 32 replicates per treatment pooled across eight sampling dates each year. The differences between the small and the large barerooted plants were similar in the three growing areas; 1 g = 0.0353 oz. y The small plants had crown diameters from 6 to 10 mm (0.236 to 0.394 inch), and the large plants had crown diameters from 10 to 17 mm (0.394 to 0.670 inch).
x Maximum SE from the SEs calculated with the means presented in a column.
after the optimum time. In these instances, the roots were favored over the reproductive tissues. In the second set of experiments, there were at best only small differences in dry matter distribution across the different sources and plant sizes. Forney and Breen (1985) showed that fruiting affected the allocation of plant dry matter in strawberry plants grown in a glasshouse. At the end of their study, plants with fruit had 62% less dry matter in the roots than plants where the flowers were continually removed, 53% less dry matter in the crowns and 44% less dry matter in the leaf blades. Schaffer et al. (1986) conducted a similar experiment but found that only the leaves were affected by fruiting. The dry weight of the leaves in fruiting plants was lower than the dry weight of the leaves in deblossomed plants.
In the present experiments, there were only small differences in average seasonal fruit fresh weight among the different treatments. A review of the reports from Florida shows that planting date and source of nursery material had at best a small effect on fruit size. There was usually only a 1-to 2 g difference in average fruit fresh weight among the different treatments (Albregts and Chandler, 1994; Albregts and Howard, 1974; Chandler et al., 1989 Chandler et al., , 1991 Locascio, 1972; Stapleton et al., 2001) .
It can be concluded that the optimum time for the planting of 'Festival' strawberry in southeastern Queensland is mid-March. Lower productivity with an earlier planting was associated with the small size of the plants, whereas lower yields with later plantings were associated with the shorter growing seasons. Large plants with crown diameters from 10 to 17 mm yielded 17% more than the small plants with crown diameters from 6 to 10 mm. Material from Stanthorpe in southern Queensland, a warm-growing area, was just as productive as material from Toolangi in Victoria or Kempton in Tasmania, two cool-growing areas. It is apparent that plant size is more important than nursery-growing environment in determining the productivity of 'Festival' in southeastern Queensland.
